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HIGH-VOLTAGE DISCHARGE LAMP OPERATING DEVICE 



Technical Field 

The present invention relates to an operating device for a high-voltage 
discharge lamp such as a HID lamp, and more particularly, to a high-voltage 
discharge lamp operating device which operates a headlight of a vehicle. 



Background Art 

As a head lamp light source for a vehicle for improving visibility of a driver 
in the nighttime, a high intensity discharge lamp (HID lamp) is known. 

This HID lamp can obtain brighter light than a conventional halogen lamp, 
etc., with small power, whereas it requires an operating device specific to the HID 
lamp which is different from the conventional lamp. 

Furthermore, this operating device also needs to satisfy specific conditions as 
the device for a head lamp of a vehicle. That is, the head lamp for a vehicle must 
output a stable, high intensity light beam in a short time. 

Immediately after the ignition of the lamp, the operating device generally 
needs to supply lamp power at least twice rated power. Figure 5 shows this 
condition in which in contrast to rated power of 35 W, power of approximately 70 W 
is required immediately after the ignition. 

Thus, because of the special circumstance that the lamp needs to be supplied 
with high power immediately after the ignition so as to function as the operating 
device for the head lamp for a vehicle, a DC-DC converter circuit of the operating 
device also needs to be designed to be able to supply high power at the time of 
ignition. 



2 



PCT/JP2002/0 12240 



On the other hand, in order to further improve the safety of more drivers, not 
only medium-size cars and full-size cars but also popular cars and light cars are 
required to mount the HID lamp in the future and in line with the demand for 
reductions in the size and weight of vehicles in recent years, it is an urgent task to 
reduce the size and weight of the operating device. 

In order to reduce the size and weight of the operating device, an effort is 
conventionally underway to reduce the size and weight of the operating device by 
reducing the diameter of the winding of a DC-DC converter transformer and thereby 
reducing the size of this transformer. 

Though a reduction in the diameter of the winding involves a problem of heat 
generation, the aforementioned measures are adopted giving priority to reductions in 
the size and weight of the DC-DC converter transformer on condition that greater 
power can be supplied exclusively for a predetermined period from the ignition. 

On the other hand, promoting reductions in the size and weight of the DC-DC 
converter transformer requires the size of a core part which makes up a large 
proportion of the weight of the transformer to be reduced. 

However, attempting to reduce the size of the core part of the DC-DC 
converter transformer having the structure of the conventional DC-DC converter 
circuit increases the tendency of magnetic saturation to occur, preventing large 
power necessary to operate the lamp from being obtained. That is, the 
aforementioned special circumstance for allowing the device to operate as the 
operating device for a head lamp of a vehicle constitutes considerable hindrance in 
reducing the size of the core part, and for this reason reductions in the size and 
weight of the operating device have been limited to minor reductions in the size and 
weight of the above described winding. 

The present invention has been implemented in view of such circumstances 
and it is an object of the present invention to provide a high intensity discharge lamp 
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operating device for operating a HID head lamp for a vehicle capable of reducing the 
size and weight of a DC-DC converter circuit, and accordingly of the operating 
device without generating any magnetic saturation of a transformer core part even 
when igniting the lamp. 

Disclosure of the Invention 

The high-voltage discharge lamp operating device of the present invention 
comprises a DC power supply circuit which increases the voltage of a DC voltage 
source (DC power supply) using a switching element, smoothes and outputs the 
voltage, a full-bridge circuit which converts the DC voltage output from this DC 
power supply circuit to an AC voltage and operates the high-voltage discharge lamp 
continuously, a high- voltage pulse generation circuit which generates a high-voltage 
pulse to be superimposed on the AC voltage signal output from this full-bridge 
circuit for igniting the high-voltage discharge lamp and a switch changeover signal 
control circuit which outputs a PWM control signal for controlling the duty ratio of a 
signal waveform so as to extend an ON-state period of the switching element when 
igniting the high-voltage discharge lamp and shorten the ON-state period of the 
switching element during normal operation, characterized in that the switch 
changeover signal control circuit is provided with oscillation frequency control 
means for controlling the frequency of the PWM control signal so as to realize a high 
frequency for a predetermined period from the ignition of the high-voltage discharge 
lamp and a low frequency after the lapse of the predetermined period. 

Furthermore, the oscillation frequency control means can be constructed so as 
to comprise a switching frequency signal generation section which generates a 
rectangular wave having a frequency corresponding to a time after the ignition of the 
high-voltage discharge lamp and an oscillator which converts the rectangular wave 
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from the switching frequency signal generation section into a triangular wave or sine 
wave. 

Furthermore, the DC power supply circuit can also comprise, for example, a 
flyback circuit and the switching element can be constructed so as to control the 
current flowing through a primary winding of the booster transformer of the flyback 
circuit. 

Brief Description of the Drawings 

Figure 1 is a block diagram showing a PWM control unit of an operating 
device according to an embodiment of the present invention; 

Figure 2 is a block diagram showing the operating device according to the 
embodiment of the present invention; 

Figure 3 is a circuit diagram showing the operating device according to the 
embodiment of the present invention; 

Figure 4(A)(1) shows an output signal waveform having an oscillation 
frequency of 200 KHz from the oscillation frequency control means shown in Figure 
1, Figure 4(A)(II) shows an input signal waveform in the comparator shown in 
Figure 1 when the output signal from the oscillation frequency control means is 
Figure 4(A)(1), Figure 4(A)(III) shows a PWM control signal waveform from the 
comparator shown in Figure 1 when the output signal from the oscillation frequency 
control means is Figure 4(A)(1), Figure 4(B)(1) shows an output signal waveform 
having an oscillation frequency of 100 KHz from the oscillation frequency control 
means shown in Figure 1, Figure 4(B)(II) shows an input signal waveform in the 
comparator shown in Figure 1 when the output signal from the oscillation frequency 
control means is Figure 4(B)(1) and Figure 4(B)(III) shows a PWM control signal 
waveform from the comparator shown in Figure 1 when the output signal from the 
oscillation frequency control means is Figure 4(B)(1); 
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Figure 5 is a graph showing a variation in power supplied to the HID lamp 
according to the embodiment of the present invention; 

Figure 6 is a flow chart showing processing steps of a CPU of the oscillation 
frequency control means shown in Figure 1 ; and 

Figure 7 is a block diagram showing a PWM control unit of a conventional 
operating device. 

Best Mode for Carrying Out the Invention 

With reference now to the attached drawings, an embodiment of a 
high- voltage discharge lamp operating device according to the present invention will 
be explained below. Here, the apparatus of this embodiment is a high-voltage 
discharge lamp operating device for a HID head lamp for a vehicle and before 
explaining a PWM control unit (switch changeover signal control circuit) which is a 
point of the apparatus of this embodiment, the circuit structure of the overall 
apparatus will be explained using Figure 2 and Figure 3. 

Figure 2 is a block diagram showing the circuit structure of the overall 
apparatus and shows that the apparatus of this embodiment is constructed of a 
vehicle-mounted battery as a DC voltage source 1, a DC-DC converter circuit (DC 
power supply circuit) 2 which increases the voltage of the DC voltage source 1 using 
a switching element and smoothes and outputs the voltage, a full-bridge circuit 3 
which converts the DC voltage output from the DC-DC converter circuit 2 to an AC 
voltage and operates the high-voltage discharge lamp continuously, an igniter circuit 
(high-voltage pulse generation circuit) 4 which generates a high-voltage pulse to be 
superimposed on the AC voltage signal output from this full-bridge circuit 3 for 
igniting a HID lamp (high- voltage discharge lamp) 5, and a PWM control unit 
(switch changeover signal control circuit) 6 which outputs a PWM control signal for 
controlling the duty of a rectangular wave so as to extend an ON-state period of the 
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switching element when igniting the HID lamp 5 and shorten the ON-state period of 
the switching element during normal operation. 

Furthermore, the PWM control unit 6 is provided with oscillation frequency 
control means for controlling the frequency of the PWM control signal to a high 
frequency for a predetermined period from the ignition of the HID lamp 5 and a low 
frequency after the lapse of the predetermined period. 

In the apparatus of this embodiment, a 35 W bulb for a vehicle is used as the 
HID lamp 5. 

Next, the circuit structure will be explained more specifically using Figure 3. 

The DC-DC converter circuit 2 has a structure generally called a "flyback 
circuit" and includes a flyback transformer 1 1 provided with a primary winding 11a 
disposed on the DC voltage source 1 side and a secondary winding lib disposed on 
the HID lamp 5 side and an FET 12 as a switching element connected to the primary 
winding 11a. Furthermore, the DC-DC converter circuit 2 also includes a 
rectification diode 13 connected to the secondary winding lib and an output 
smoothing capacitor 14. Here, when the FET 12 is turned ON, a primary current ii 
flows through the primary winding 11a of the flyback transformer 11, energy is 
stored in the primary winding 11a and when the FET 12 is turned OFF, this stored 
energy is released from the secondary winding 1 lb as a current i2. When such an 
operation is further repeated, a high voltage is output from a connection point 
(detection point of the aforementioned voltage detection signal) between the diode 13 
and smoothing capacitor 14 to the full-bridge circuit 3. 

The full-bridge circuit 3 forms an inverter circuit, AC -operates the HID lamp 
12 through a rectangular wave signal and is constructed of four FETs 21a to 2 Id 
arranged like a bridge. Of the four FETs 21a to 21d, the FETs 21a, 21d and FETs 
21b, 21c are driven ON/OFF alternately by a bridge drive circuit (not shown). 
Therefore, the orientation of the discharge current of the HID lamp 5 is switched 
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alternately, the polarity of the discharge voltage of the HID lamp 5 is inverted and 
the HID lamp 5 is AC-operated. 

The igniter circuit 4 is intended to apply a high-voltage pulse to the HID lamp 
5 when igniting the HID lamp 5 to operate this HID lamp 5. That is, the igniter 
circuit 4 is provided with a capacitor which stores the pulse energy, a pulse 
transformer and a switch element (thyristor) for applying the energy of the capacitor 
to the primary side of the pulse transformer, and when a gate signal is applied to the 
switch element (thyristor), the capacitor discharges through the primary winding of 
the pulse transformer, generates a high- voltage pulse on the secondary winding of the 
pulse transformer, this high-voltage pulse is applied to the HID lamp 5 producing 
dielectric breakdown between the electrodes of the HID lamp 5 and igniting the HID 
lamp 5. 

The respective elements, the DC-DC converter circuit 2, full-bridge circuit 3 
and igniter circuit 4, are controlled by a control circuit (not shown) (control is 
actually performed by a control unit adjacent to the PWM control unit 6). 

However, as described above, the DC-DC converter circuit 2 changes the 
amount of energy discharged from the flyback transformer 1 1 by switching between 
the ON/OFF-states of the FET 12 which is the switching element. The switching 
between the ON/OFF-states of this FET 12 is controlled by the PWM control unit 6 
as described above. 

Figure 7 is a block diagram showing the configuration of a conventional 
PWM control unit 6a. In Figure 7, the components corresponding to those in the 
PWM control unit 6 of this embodiment which will be described later are assigned 
the same reference numerals as those in the embodiment and expressed with "a" 
added to indicate that those components belong to the conventional art. 

That is, the conventional PWM control unit 6a is provided with a power 
control unit 31a which receives a voltage detection signal obtained by detecting a 
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voltage from a connection point between a diode 13 and smoothing capacitor 44 of a 
DC-DC converter circuit 2 and outputs a signal based on the detected voltage, an 
error amplifier 32a which compares the output from this power control unit 31a with 
a reference voltage and outputs an error level signal on the level based on the error 
voltage, an oscillation circuit 33a which outputs a rectangular wave with a 
predetermined frequency, a triangular wave oscillator 34a which converts the 
rectangular wave from this oscillation circuit 33a into a triangular wave and a 
comparator 35a which compares the error level signal with the triangular wave signal 
output from the triangular wave oscillator 34a and outputs a PWM control signal on 
H-level during the period in which the triangular wave signal is high to a switching 
element 12a, and the switching element 12a is controlled so as to be in an ON-state 
during the H-level period of the input PWM control signal. 

Immediately after the ignition of the lamp, it is generally necessary to supply 
lamp power at least twice rated power from the operating device, and in the case of 
the aforementioned HID lamp 5, rated power is 35 W, whereas power of 
approximately 70 W is required immediately after the ignition. Such power 
switching is controlled by the power control unit 31a which outputs a signal based on 
the aforementioned detected voltage. That is, the output from this power control 
unit 31a is controlled and the level of the error level signal is controlled and the HID 
lamp 5 is controlled so that the duty of the H-level period immediately after the 
ignition of the HID lamp 5 is higher than during normal operation. 

However, attempting to obtain large power when igniting the HID lamp 5 
increases the tendency of magnetic saturation to occur in the core part of the flyback 
transformer 1 1 and makes it difficult to reduce the size of this core part. 

Therefore, the high-voltage discharge lamp operating device in this 
embodiment provides oscillation frequency control means 36 for the PWM control 
unit 6 as shown in Figure 1 to control the PWM control signal to be output to the 
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FET 12 to a high frequency for a predetermined period from the ignition of the HID 
lamp 5 and a low frequency after the lapse of a predetermined period. That is, this 
embodiment realizes a reduction in the size of the core part by taking advantage of 
the fact that when the frequency of the PWM control signal is set high and the 
switching frequency of the switching element is set high, the peak value of the 
current waveform flowing through the winding of the transformer decreases, 
reducing the tendency of magnetic saturation to occur. 

As shown in Figure 1, just like the aforementioned PWM control unit 6a, the 
PWM control unit 6 is provided with a power control unit 31 which receives a 
voltage detection signal obtained by detecting the voltage of a connection point 
between the diode 13 and smoothing capacitor 14 of the DC-DC converter circuit 2 
and outputs a signal based on the detected voltage, an error amplifier 32 which 
compares the output from this power control unit 31 with a reference voltage and 
outputs an error level signal on the level based on the error voltage, an oscillation 
frequency control means 36 which outputs a rectangular wave of 200 KHz for a 
predetermined period from the ignition of the HID lamp 5 and 100 KHz after the 
lapse of the period, a triangular wave oscillator 34 which converts the rectangular 
wave of this oscillation frequency control means 36 into a triangular wave and a 
comparator 35 which compares the error level signal with the triangular wave signal 
output from the triangular wave oscillator 34 and outputs a PWM control signal on 
H-level during the period in which the triangular wave signal is higher to the 
switching element 12, and the switching element 12 is controlled so as to be in an 
ON-state during the H-level period of the input PWM control signal. 

The operation of the PWM control unit 6 will be explained using Figure 4 

below. 

First, for a predetermined period from the ignition of the HID lamp 5, a 200 
KHz oscillation frequency signal (rectangular wave) as shown in Figure 4(A) is 
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output from the oscillation frequency control means 36 (signal waveform (I)). This 
200 KHz oscillation frequency signal is converted into a 200 KHz triangular wave 
signal by the triangular wave oscillator 34 and compared by the comparator 35 with 
an error level signal from the error amplifier 32 (signal waveform (II)). Through a 
signal comparison by the comparator 35, the 200 KHz PWM control signal on 
H-level during the period in which the triangular wave signal is higher (the H-level 
duty in the signal waveform is higher) is output to the switching element 12 (signal 
waveform (III)). 

On the other hand, after the lapse of the predetermined period from the 
ignition of the HID lamp 5, a 100 KHz oscillation frequency signal (rectangular 
wave) is output from the oscillation frequency control means 36 as shown in Figure 
4(B) (signal waveform (I)). This 100 KHz oscillation frequency signal is converted 
into a 100 KHz triangular wave signal by the triangular wave oscillator 34 and 
compared by the comparator 35 with the error level signal from the error amplifier 
32 as in the case of (A) above (signal waveform (II)). Through a signal comparison 
by the comparator 35, the 100 KHz PWM control signal on H-level during the period 
in which the triangular wave signal is higher (the H-level duty in the signal 
waveform is smaller) is output to the switching element 12 (signal waveform (III)). 

In this way, the high-voltage discharge lamp operating device in this 
embodiment provides the oscillation frequency control means 36 for the PWM 
control unit 6, and can thereby control the PWM control signal output to the FET 12 
to a high frequency for a predetermined period from the ignition of the HID lamp 5 
and a low frequency after the lapse of the predetermined period. 

By increasing the H-level duty of the PWM control signal when igniting the 
HID lamp 5, large energy is stored in the primary winding 11a of the flyback 
transformer 1 1 and this large energy stored is released from the secondary winding 
1 lb when the FET 12 is turned OFF. In the above described embodiment, since the 
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H-level duty of the PWM control signal when igniting the HID lamp 5 is set to 
approximately twice that during normal operation, the power supplied to the HID 
lamp 5 when igniting the HID lamp 5 also becomes approximately twice that during 
normal operation. As described above, since the power supplied to the HID lamp 5 
during normal operation is 35 W, the power supplied for a predetermined period 
from the ignition of the HID lamp 5 can be set to approximately 70 W. 

Figure 5 is a graph showing a supply in power and shows that the power 
supplied is set to approximately 70 W for a predetermined period from the ignition of 
the HID lamp 5 and approximately 35 W during normal operation. 

The above described predetermined period can be set as appropriate, for 
example, approximately 10 sec as shown in Figure 5. 

Figure 6 is a flow chart showing processing steps of a CPU (not shown) 
which controls the oscillation frequency control means 36 and the specific steps are 
stored in a ROM attached to the CPU. 

That is, the CPU decides whether the discharge lamp (HID lamp) switch is set 
in an ON-state or not all the time (SI) and when the CPU decides the ON-state, the 
CPU causes the oscillation frequency control means 36 to output an oscillation 
frequency signal having an oscillation frequency at the time of ignition (200 KHz) 
(S2). Then, the CPU decides whether a predetermined period has elapsed from the 
ignition or not (S3) and when the CPU decides that a predetermined period has 
elapsed from the ignition, the CPU causes the oscillation frequency control means 36 
to output an oscillation frequency signal having the oscillation frequency during 
normal operation (100 KHz) (S4). 

Thus, this embodiment sets a high switching frequency for a predetermined 
period from the ignition of the HID lamp 5, decreases the tendency of magnetic 
saturation to occur in the core part of the flyback transformer 11, and therefore even 
when the size of this core part is reduced, no magnetic saturation occurs and it is 
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possible to obtain power necessary for operation of the lamp continuously. 
Furthermore, since the current value decreases, it is also possible to reduce the size 
of the FET 12, the switching element, and drastically reduce the overall size and 
weight of the DC-DC converter circuit 2. 

Increasing the oscillation frequency results in an increase in the switching 
frequency of the FET 12, which possibly causes problems like an increase of core 
loss such as iron loss and eddy current in the core part of the flyback transformer 11, 
degradation of the conversion efficiency of the transformer 11 and increase in 
switching loss by the FET 12 resulting in an increased amount of heat generation, but 
since the period in which the frequency is increased is a short time as described 
above, such core loss and switching loss can be neglected. 

The high- voltage discharge lamp operating device of the present invention is 
not limited to the above described embodiment, but can be modified in various ways. 

For example, the above described embodiment assumes that the oscillation 
frequency signal from the oscillation frequency control means 36 is 200 KHz for a 
predetermined period from the ignition and 100 KHz after the lapse of the 
predetermined period, but the frequency can be changed as appropriate and the 
oscillation frequency signal can also be set to, for example, 300 KHz for a 
predetermined period from the ignition. Furthermore, not only the above described 
triangular wave but also, for example, a sine wave can be used as the signal to be 
compared with an error level signal. 

Furthermore, according to the above described embodiment, the oscillation 
frequency is changed by the oscillation frequency control means for approximately 
10 sec from the ignition, but the oscillation frequency may also be changed when the 
power indicated by a power supplied signal from the power control unit falls below 
predetermined power (e.g., 60 W or below). 
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Furthermore, frequency control by the oscillation frequency control means 36 
is performed based on a program stored in the ROM attached to the CPU, but it is 
also possible to change time constants of timing C, R (capacitance and resistance) for 
determining the oscillation frequency provided in this oscillation frequency control 
means 36 using an electronic switch. 

Furthermore, the aforementioned DC power supply circuit is not limited to the 
circuit structure of the DC-DC converter circuit 2, full-bridge circuit 3 and igniter 
circuit 4 of the above described embodiment, but can be modified in other various 
modes. 

As described in detail above, the high-voltage discharge lamp operating 
device of the present invention sets a high switching frequency for the switching 
element for increasing the voltage of the DC power supply voltage for a 
predetermined period from the ignition of the high-voltage discharge lamp compared 
to subsequent normal operation. Thus, setting a high switching frequency decreases 
the peak value of the current waveform flowing through the winding and decreases 
the tendencies of magnetic saturation to occur. For this reason, even when the size 
of the magnetic core part which forms the converter transformer of the DC power 
supply circuit is reduced, no magnetic saturation occurs and it is possible to obtain 
power necessary for ignition of the lamp. Moreover, since the current value is 
decreased, the size of the switching element can also be reduced and it is possible to 
drastically reduce the size and weight of the operating device as a whole. 



